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SUMMARY 
The longitudinal and lateral stability characteristics of a 50 semivertex angle cone 
and a D-body consisting of a half-cone of 5O semivertex angle with a rectangular pyramid 
were determined at a Mach number of 6.83 and a Reynolds number of 1.45 X 106. These 
bodies were also tested in conjunction with a delta wing swept back 83.30. 
configurations were tested in the flat-bottom and flat-top orientations. 
Reynolds number variation on the cone model were also investigated. 
The D-body 
Effects of 
For the 50 cone model, predictions of Newtonian theory plus skin-friction estimates 
were in good agreement with the experimental values of the maximum lift-drag ratio 
(L/D)m= obtained at Reynolds numbers from 0.76 X 106 to 3.00 X 106. 
ment between measured values of minimum drag coefficient and predictions based on 
Kopal exact values plus skin-friction estimates w a s  obtained. 
Very good agree- 
For  the body-alone models, the flat-bottom D-body yielded the highest value for  
(L/D)max of 3.62. For the body-wing models, the highest value for  (L/D),= was  
3.95, obtained for the flat-bottom D-body with the wing on the bottom. Nose blunting 
radius = 0.0555 resulted in small  losses in (L/D),= for the body-wing configu- r Base radms ) 
rations, but significant losses were obtained for  the body-alone models. 
All models were longitudinally and directionally stable about a moment center 
located at 64.2 percent of the sharp-nose body length. 
resulted in providing increments of positive dihedral effect on all models at the higher 
angles of attack. 
because of the addition of the wing. 
ratios), the f lat-top D-body configurations had better lateral stability characteristics 
than the flat-bottom configurations. 
The addition of a wing generally 
The directional stability either remained unaffected o r  decreased 
At the optimum angles of attack (maximum lift-drag 
INTRODUCTION 
Increased interest in hypersonic cruise and lifting reentry vehicles has led to sys- 
tematic studies of various body, wing, and body-wing configurations. Of prime interest 
i n  the investigations have been the effects of geometrical variations on the hypersonic 
efficiency of these configurations. 
having varying thicknesses and aspect ratios is reported in  reference 1, and the effects of 
body cross-sectional shape are presented in reference 2. Results of investigations on 
half-cone delta-wing configurations at Mach numbers of 6.86 and 20 are reported in ref - 
erences 3 and 4, respectively. In these two references, effects of the volume parameter 
and body-wing interference on the maximum lift-drag ratios are included. In refer- 
ences 5 and 6, the major theoretical and experimental results of these and related inves- 
tigations are summarized. 
For  example, the aerodynamic performance of wings 
The purpose of the present investigation was to  provide hypersonic data on a family 
of configurations having maximum lift-drag ratios f rom 3 to 4. The two basic body shapes 
tested were a circular cone having a 5 O  semivertex angle and a 5O half-cone combined with 
a rectangular pyramid to form a body having a D-shape c ross  section. 
configurations consisted of these bodies in conjunction with a flat-plate delta wing having 
a sweep angle of 83.30. 
obtained at a Mach number of 6.83 and a Reynolds number of 1.45 X 106. based on model 
length. Additional longitudinal stability data were obtained on the circular cone for  
Reynolds numbers f rom 0.76 X lo6 to 3.00 X lo6.  
a strain-gage balance for angles of attack from Oo to 15O. 
The body-wing 
Longitudinal and lateral  directional stability characteristics were 
Forces and moments were measured by 
SYMBOLS 
b model span 
C temperature-viscosity proportionality constant 
Axial force 
q s  
axial-force coefficient, 
Drag drag coefficient, 
drag coefficient at (Y = Oo 
average skin-friction coefficient, 
C A 
CD q s  
CD, 0 
Friction drag 
CF q s  
CL lift coefficient, 
rolling-moment cz Rolling moment qS2rb 
coefficient, 
2 
czp = ( A C ~  ) / ( ~ ) p = O o ,  - 50 per deg 
Cm pitching-moment coefficient, Pitching moment 
qsz 
Normal force 
q s  
CN normal-force coefficient, 
Cn Yawing moment yawing- moment coefficient, 
qs2rb 
cnp  = (~cn) / (~p)p=oo , -  50 per  deg 
CY Side force 
q s  
side -f o r  ce coefficient , 
I model reference length 
M free-stream Mach number 
FB f lat-bottom orientation 
FT flat-top orientation 
q free-stream dynamic pressure 
free-stream Reynolds number based on model length Rz 
r n  nose radius 
'b base radius 
S model planform area  
SC cone model surface area excluding base area 
t body thickness 
3 
V model volume (excluding wing) 
V2/3/S volume parameter (sharp-nose models) 
x,y, z Cartesian body axes 
X distance along center line measured from model nose apex 
Xs,Ys,Zs stability axes 
Xw,Yw,Zw wind axes 
CY angle of attack referenced to model center line 
P angle of sideslip referenced to model center line 
0, cone semivertex angle 
pyramid vertex angle, vertical plane eP 
A wing sweep angle 
Subscripts: 
mc moment center 
max maximum 
opt optimum, at maximum L/D 
A prime (I) denotes a quantity based on local conditions. 
APPARATUS AND MODELS 
The investigation was conducted in the Langley 11-inch hypersonic tunnel, which is 
of a blowdown type. A two-dimensional, contoured nozzle fabricated f rom invar produces 
a Mach number slightly under 7. To avoid liquefaction, dry air is passed through an elec- 
trically heated bundle of Nichrome tubes before entering the tunnel stagnation chamber. 
4 
I 
A more detailed description of this facility as well as typical nozzle calibrations may be 
found in references 7 and 8. 
Stagnation temperature was measured by a chromel-alumel thermocouple and the 
output was recorded on a strip-chart potentiometer. Stagnation pressure was read from 
a Bourdon gage. The angle of attack was determined optically by reflecting a light beam 
off a small  prism which w a s  embedded in  the model surface. This reflected light fell on 
a screen which was  calibratedfor the selected angles of attack. 
moments were measured by a water-cooled strain-gage balance having a six-component 
capability. Strip-chart potentiometers were used for  recording balance outputs. A 
cylindrical windshield was  employed to protect the balance from the airstream. Model 
base pressures  were obtained by means of a 3/16-inch (outside diameter) stainless-steel 
tube connected to a 1.0-psia transducer (6894 N/m2), which was located just outside the 
tunnel test  section. 
Model forces  and 
The five models tested in this investigation were machined from stainless steel. 
Photographs of the blunt-nose models and model details a r e  presented in figures 1 and 2, 
respectively. 
vertex angle (model 1) and a 50 half-cone in combination with a rectangular pyramid 
having a vertex angle of 3.56O in the vertical plane (model 2). 
porated a flat-plate delta wing which had a sweep angle of 83.3O, a thickness-root-chord 
ratio of 0.0016, and blunt leading edges. 
section as model 2, but a wing w a s  added for these models. For  model 3, the wing w a s  
alined on the model center line, while for model 4, the wing was mounted flush with the 
bottom of the body. 
model was  at Oo angle of attack. 
For  the blunt-nose conical models, the ratio of nose radius to base radius was 0.0555; 
the D-body models were cut off at the same longitudinal station as the conical models, 
and therefore required fairing of the nose over the pyramidal portion. 
The body-alone models consisted of a right circular cone having a 5O semi- 
Models 3, 4, and 5 incor- 
Both models 3 and 4 had the same D-shape cross  
Thus the wing of model 4 was inclined 3.56O to the flow when the 
The models were tested with sharp and blunt noses. 
TESTS AND DATA ACCURACY 
The investigation was conducted at a Mach number of 6.83 and an average Reynolds 
number of 1.45 X 106 based on the model length. Average stagnation pressure and tem- 
perature were 13.9 atmospheres absolute (1.4 X 106 N/mz> and 11100 R (6170 K), respec- 
tively. Longitudinal force and moment data were obtained over an angle-of-attack range 
from Oo to 15O. Lateral directional data were obtained at a sideslip angle of -5O over an 
angle-of-attack range from 00 to 120. For  the D-body models 2, 3, and 4, tests were 
made in the flat-top and flat-bottom orientations. Additional tes ts  were performed on 
the sharp-nose cone model at 00 sideslip over a stagnation-pressure range from 7 to 
5 
28.6 atmospheres absolute. The corresponding Reynolds number ranged from 0.76 X lo6 
to 3.00 X lo6.  
, c N  . . . . . . . . . . .  
Cm . . . . . . . . . . .  
cz . . . . . . . . . . .  
C A S  . . . . . . . . . .  
Cn . . . . . . . . . . .  
cy . . . . . . . . . . .  
The longitudinal stability characteristics presented herein a r e  based on the body- 
axis and stability-axis systems, while the lateral directional characteristics a r e  based on 
the body-axis system. 
models was located on the center line at a point 64.2 percent of the model reference length 
as measured from the apex of the sharp-nose model. The center line was defined as the 
axis of the conical portion of each model and was used for the Oo reference line for angle 
of attack and angle of sideslip on all models. The axial-force coefficients were adjusted 
by correcting the measured base pressure to free-stream pressure.  
(See fig. 3.) The moment center for  the sharp- and blunt-nose 
An estimate of balance maximum e r r o r  is based on 0.5 percent of the maximum 
design load of each component. 
form, a r e  as follows: 
These force and moment e r ro r s ,  expressed in coefficient 
10.0017 *O. 0023 
*O. 0007 *0.0005 
*0.00017 *0.00023 
*O. 00026 *O. 0003 
*O. 0004 *0.0003 
*0.0007 *O. 0004 
I Estimates of e r r o r s  in I Models 1 and 2 I Models 3, 4, and 5 I 
The maximum e r r o r  in (L/D)max w a s  calculated to be *0.20, which includes an angle- 
of-attack e r r o r  of *0.20 and the e r r o r  in base pressure taken at 0.5 percent of transducer 
maximum output. 
sideslip angle, within *O. loo. 
The Mach number is estimated to be accurate within *0.04, and the 
RESULTS AND DISCUSSION 
Presentation of Results 
The effects of Reynolds number variation on the longitudinal aerodynamic charac- 
The longitudinal aerody- terist ics of the cone model 1 a r e  presented in figures 4 and 5. 
namic characteristics for  the body-alone models are shown in figures 6(a) and 6(b) and 
f o r  the body-wing models in figures 6(c) to 6(e) for  a constant Reynolds number of 
1.45 x 106. For the D-body models, data a r e  presented for  positive and negative angles 
of attack, which correspond to flat-bottom and flat-top orientations, respectively. In 
6 
figure 7, a summary of the longitudinal aerodynamic performances of the five models is 
presented. 
parameters shown in figure 7. 
having nose bluntness are shown in figure 8. 
the lateral  directional derivatives are presented. A summary of these derivatives taken 
at the optimum angle of attack f o r  each configuration is presented in figure 10. 
Drag polars (not presented) were utilized in  determining the values of the 
The lateral directional derivatives for  the five models 
In figure 9, the effects of wing addition on 
Reynolds Number Variation 
The longitudinal aerodynamic characterist ics of the sharp 5O cone model 1 are pre- 
sented in figure 4 fo r  a Reynolds number range from 0.76 X '106 to 3.00 X 106. 
included in the figure is Newtonian theory, as well as Newtonian theory plus the laminar 
skin-friction coefficient CF for  the minimum and maximum test Reynolds numbers. 
Values of CF were calculated from the following equation of reference 9: 
Also 
This equation, which assumes a laminar boundary layer, incorporates the transformation 
constant 2 6 1 3 .  
0.86 was used for 
and assumed constant throughout the angle-of -attack range. 
(See ref. 10.) For the test conditions of this investigation, a value of 
C. The skin-friction coefficients were calculated at 00 angle of attack 
Generally good agreement is obtained between Newtonian theory and experiment for  
the normal-force coefficients and the pitching-moment coefficients for angles of attack up 
to about 7O. The expected differences existing between the measured axial-force coeffi- 
cients and the values predicted by Newtonian theory are mainly attributable to skin fric- 
tion. 
lated values of CF with Newtonian theory results in a significant improvement in pre- 
dicting axial-force and drag coefficients. Predicted values of L/D based on Newtonian 
theory plus CF are in good agreement with the experimental values at angles of attack 
from about 60 to 1 5 O ;  at lower angles of attack, theory greatly overestimates the experi- 
mental values. 
The differences increase with decreasing Reynolds number. Inclusion of calcu- 
In figure 5, the parameters (L/D),= and CD,O are presented as functions of 
Reynolds number for  the 5O cone model 1. The measured values of (L /D)ma  are in 
good agreement with predictions based on Newtonian theory plus CF, whereas agreement 
only in the trends of 
su re  drag (tabulated in ref. 11) improves the agreement between theoretical and experi- 
mental values of CD 0 over the range of Reynolds numbers investigated. 
CD 0 is obtained. However, use  of the Kopal'values for  the pres-  
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Longitudinal Aerodynamic Characteristics 
Body-alone models.- For the sharp-nose models, the summary chart of figure 7 
indicates a value of 
with values of 3.25 and 3.30 obtained for  the cone model and the flat-top D-body model, 
respectively. The superiority of the f lat-bottom orientation is consistent with the results 
reported in references 5 and 6. Slightly better performance of the flat-top D-body model 
as compared with the cone model may be attributed to the lower values of volume param- 
eter and thickness ratio of the D-body. 
and 6(b) indicate positive stability for  the cone model and the model with the flat-bottom 
D-body. The flat-bottom D-bodies show a somewhat higher level of stability at (L/D),, 
than the cone. 
(L/D),, of 3.62 for  the flat-bottom D-body model, as compared 
The pitching-moment coefficients in figures 6(a) 
Nose bluntness of the body-alone models results in significant losses in (L/D)max. 
The D-body models experience a loss of about 0.40, which is about twice that obtained 
for  the cone model. The greater sensitivity of the more slender D-bodies to nose 
blunting is also observed from the axial-force coefficients, as shown in figures 6(a) and 
6(b). 
increases in CL,opt result  from nose blunting. Removal of the forward lifting a rea  by 
blunting causes an increase in positive stability, as shown in figures 6(a) and 6(b). 
Small increases in optimum angle of attack (no greater than 0.30) with attendant 
Body-wing models.- Addition of the wings to the sharp-nose bodies increases the 
maximum lift-drag ratio. 
flat-top models and the cone model. The highest value for  (L/D)max was  3.95, obtained 
for  model 4 where the wing was mounted flush with the bottom surface of the model. This 
value compares with values of 3.75 and 3.65 measured for  the flat-bottom and flat-top 
orientations of model 3. A value for  (L/D)ma of 3.55 was measured for the flat-top 
orientation of model 4, an indication that favorable body-wing interference effects a r e  
negligible. 
interference effects disappear for  wing sweep angles greater than about 82O for the Mach 
number and Reynolds number of the present investigation. 
(See fig. 7.) Again the flat-bottom models a r e  superior to the 
This result agrees with trends of reference 3 which show that favorable 
In general, nose bluntness effects on the body-wing configurations a r e  not as pro- 
nounced as those obtained on the body-alone models. Losses in (L/D),= ranged from 
0.07 to 0.15 for  the body-wing models 3 and 4. 
ever, produces a value of (L/D),= slightly higher than that measured for the sharp- 
nose version. 
Nose blunting has little effect on axial-force coefficients (figs. 6(c) to 6(e)) or optimum 
angle of attack (fig. 7). 
inf igures  6(c) to 6(e). 
The blunt-nose version of model 5, how- 
This difference of 0.05 is well within the estimated accuracy for (L/D)”. 
Some improvement in longitudinal stability is obtained, as shown 
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Lateral Directional Characteristics 
The lateral directional derivatives for the blunt-nose body-alone models 1 and 2 are 
presented in figure 8(a). The cone and the flat-bottom D-body have about the same level 
of directional stability Cn throughout the angle-of -attack range. The flat-top D-body, 
however, shows a significant increase in directional stability as the angle of attack is 
increased beyond 40; in hand with this trend, the side-force derivative also increases 
negatively with angle of attack. 
increases slightly with angle of attack as predicted by Newtonian force estimates in ref - 
erence 12. Whereas the flat-bottom D-body has negative dihedral effect, for  the flat-top 
orientation the effect is positive; the cone is neutrally stable about the assumed moment 
center. 
P)  
For the cone, the corresponding side-force parameter 
In figure 8(b), the lateral  directional derivatives a r e  presented f o r  the body-wing 
models 3, 4, and 5. All models a r e  directionally stable over the angle-of-attack range. 
The sizable decrease in C with angle of attack is noted for  the flat-bottom orientation 
of model 4 and is attributed to shielding effects of the wing; for  the flap-top orientation of 
This trend is due to model 4, 
the fact that the entire fuselage is exposed to the flow at angles of attack greater than 
3.5O. The flat-top and flat-bottom orientations of the midwing model (model 3) have about 
the same level of directional stability throughout the angle-of -attack range. Models 3 and 
4 in the flat-top orientation and model 5 a r e  laterally stable. It is clear that mutual 
interference effects with the wing in the top position produce highly stabilizing pressures  
along the windward wing and flat sides of the body. The flat-bottom versions of models 3 
and 4 are laterally unstable at low angles of attack but stable at angles of attack greater 
than 20 and 8 O ,  respectively. Little variation in the side-force derivative is obtained for 
all the body-wing models except model 4 in the flat-top orientation, for which the magni- 
tude of CY increases significantly with angle of attack. 
"P 
increases for angles of attack greater than about 5O. 
cnP 
P 
In figure 9, the effects of addition of the wing to the cone and D-bodies on the lateral  
directional derivatives a r e  shown for the blunt-nose models. In order to make this com- 
parison, adjustments were made to the derivatives of the body-alone models by using the 
wing planform area  fo r  the reference area.  For the conical models (fig. 9(a)), wing addi- 
tion results in increasing positive dihedral effect with angle of attack. Small decreases in 
the directional stability and the side-force derivative a r e  obtained at the higher angles of 
attack. 
Wing addition to  the flat-top D-body models (fig. 9(b)) results in large increments 
of positive dihedral f o r  model 4 throughout the angle-of-attack range because of the loca- 
tion of the wing. The midwing configuration (model 3) shows a more moderate increase 
in lateral stability which occurs only at angles of attack greater than about 4O; addition of 
the wing to the flat-top configuration results in some loss in directional stability and the 
9 
side-force derivative. Very small  increases in directional stability are noted for model 4; 
however, significant increases which are obtained in  the side-force derivative suggest 
center-of -pressure variation for  this model. 
For the flat-bottom D-body models (fig. 9(c)), adding the wing again results in  incre- 
ments of positive dihedral effect, the magnitudes of which become significantly larger as 
angle of attack increases for  model 3; this trend is also true for  model 4 at angles of 
attack greater than 6O. At the lower angles of attack, the incremental dihedral effect is 
negative. A decrease in  directional stability is noted for  model 4 at angles of attack 
greater than 40; it is primarily caused by the large amount of shielding by the wing. 
Together with this trend, decreases in the side-force derivative are obtained. The effects 
of wing addition on the directional stability and the side-force derivatives of the midwing 
model in the f lat-bottom orientation are generally negligible. 
Aside from the effects of wing addition, figure 9 also shows that the pyramidal por- 
tion of the model is aerodynamically more effective than the conical surface. This fact 
is evident from the lateral  stability results for  both flat-top and flat-bottom orientations 
of the body-alone model 2 when compared with model 1 at Oo angle of attack. Also, losses 
in directional stability and side-force derivative were previously noted for  model 3 in the 
flat-top orientation as compared with the flat-bottom orientation at the higher angles of 
attack. This result reflects the effect of shielding the upper pyramidal portion of the 
model by the wing. For the flat-bottom version of model 3, shielding the upper conical 
surface results in only small  changes in directional stability and side-force parameter. 
A summary of the lateral and directional derivatives at the optimum angles of 
attack (fig. 7) is presented in  figure 10 for  all blunt-nose models including the D-body 
models in the flat-top orientation. All the Configurations a r e  directionally stable, but the 
f lat-top models indicate somewhat greater stability than their f lat-bottom counterparts. 
The apparent loss in directional stability associated with addition of the wing is primarily 
a result  of the difference in reference a rea  used in reducing data for  the bodies alone and 
for  the body-wing configurations. The trends of CyB are compatible with those of Cng. 
Lateral stability is obtained for  the flat-top orientations of models 2, 3, and 4 and model 5; 
however, only the midwing model (model 3) of the flat-bottom configurations is stable. 
CONCLUSIONS 
Wind-tunnel tests of a cone and D-body and body-wing configurations conducted at a 
Mach number of 6.83 and a Reynolds number of 1.45 X lo6 lead to the following conclusions; 
1. For the sharp 5O cone, predictions of Newtonian theory plus skin-friction esti- 
mates showed good agreement with measured values of the maximum. lift-drag ratio 
(L/D)ma over a range of Reynolds numbers from 0.76 X lo6 to 3.00 X 106. Very good 
10 
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agreement between measured values of minimum drag coefficient and predicted values 
based on Kopal exact values plus skin-friction estimates was obtained. 
2. For the body-alone models, the flat-bottom D-body yielded the highest value for  
(L/D)mm Of 3.62. 
3. For the body-wing models, the highest value for  (L/D)mu was 3.95, obtained 
for  the flat-bottom D-body with the wing on the bottom. 
4. Nose blunting caused small  losses in (L/D)" for  the 
body-wing models, but significant losses were obtained fo r  the body-alone models. 
5. All models were longitudinally and directionally stable about a moment center 
located at 64.2 percent of the sharp-nose model length. 
6. The addition of a wing generally resulted in providing increments of positive 
The directional stability dihedral effect on all models at the higher angles of attack. 
either remained unaffected or decreased because of the addition of the wing. 
7. In general, the flat-top D-body models had better lateral  stability characteristics 
than the flat-bottom configurations at the optimum angles of attack. 
Langley Research Center, 
National Aeronautics and Space Administration, 
Langley Station, Hampton, Va., May 4, 1966. 
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Figure 1.- Photographs of blunt-nose models. 
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Figure 2.- Details of model dimensions. 
Figure 3.- Axis systems. Arrows indicate positive direction. 
Figure 4.- Longitudinal aerodynamic characteristics of model 1 wi th  varying Reynolds number. rn / rb  = 0. 
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Figure 5.- Effect of Reynolds number on minimum drag and maximum lift-drag ratio for model 1. rn/rb = 0. 
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(a) Model 1. 
F igure  6.- Longitudinal aerodynamic characteristics. M = 6.83; RZ = 1.45 X 106. 
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Figure 6.- Continued.  
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(b) Concluded. 
Figure 6.- Continued. 
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Figure 6.- Continued. 
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Figure 6.- Continued. 
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Figure 6.- Continued. 
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Figure 6.- Continued. 
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Figure 7.- Summary  of longitudinal  aerodynamic character ist ics.  M = 6.83; R[ = 1.45 X 106. 
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F igure  8.- Var ia t ion of lateral  directional derivatives w i t h  angle  of attack for blunt-nose models. rn / rb  = 0.0555; M = 6.83; R l  = 1.45 X 106. 
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(b) Body-wing models. 
Figure 8.- Concluded. 
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Figure 9.- Effect of wing addition o n  lateral directional derivatives. r n / r b  = 0.0555. 
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Figure 10.- Sumriary of lateral directional derivative, at optimum angles of attack. r n / r b  = 0.0555; R i  = 1.45 X lo6; M = 6.83 
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